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EVAPORATIVE SYSTEM LEAK DETECTION 
FOR AN EVAPORATIVE EMISSION 

CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates generally to an evaporative 
emission control system for an automotive vehicle and, 
more particularly, to a leak detection assembly and method 
for determining if a leak is present in a portion of an 
evaporative emission control system for an automotive 
vehicle. 

2. Discussion 

Modern, gasoline poWered automotive vehicles typically 
include a fuel tank and an evaporative emission control 
system that collects fuel vapors generated in the fuel tank. 
The evaporative emission control system includes a vapor 
collection canister, usually containing an activated carbon, 
to collect and store fuel vapors. Normally, the canister 
collects fuel vapors Which accumulate during refueling of 
the automotive vehicle or from increases in fuel temperature. 
The evaporative emission control system also includes a 
purge valve placed betWeen an intake manifold of an engine 
for the automotive vehicle and the canister. The purge valve 
is opened by an engine control unit an amount determined by 
the engine control unit to purge the canister, i.e., the col 
lected fuel vapors are draWn into the intake manifold from 
the canister for ultimate combustion Within the engine. 

Recently, governmental regulations have required that 
certain gasoline poWered automotive vehicles have their 
evaporative emission control systems checked to determine 
if a leak exists in the system. As a result, on board vehicle 
diagnostic systems have been developed to determine if a 
leak is present in a portion of the evaporative emission 
control system. One such diagnostic method utiliZes a vent 
valve to seal the canister vent, a sensor to monitor system 
pressure, and a purge valve to draW a vacuum on the 
evaporative emission control system. The method then 
monitors Whether a loss of vacuum occurs Within a speci?ed 
period of time. 

Diagnostic systems also exist for determining the pres 
ence of a leak in an evaporative emission control system 
Which utiliZe positive pressuriZation rather than negative 
pressuriZation, i.e. a vacuum. In positive pressuriZation 
systems, the evaporative emission control system is pres 
suriZed to a set pressure, typically through the use of an air 
pump. Asensor determines Whether a loss of pressure occurs 
over a certain amount of time. There are also pressuriZation 
systems Which use various methods of sensing How to 
determine if a leak is present. 

While positive and negative pressuriZation systems have 
achieved success, there is room for improvement in the art. 
For instance, it Would be desirable to provide a leak detec 
tion system Which does not require either positive or nega 
tive pressuriZation from an outside source. Additionally, a 
leak detection system Which functions When the vehicle is 
not operating avoids many of the complicating issues Which 
makes leak detection on an operating vehicle a very dif?cult 
undertaking. 

SUMMARY OF THE INVENTION 

It is therefore, one object of the present invention to 
provide a leak detection assembly for use in testing the 
integrity of an evaporative emission control system for an 
automotive vehicle. 
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2 
It is another object of the present invention to provide a 

leak detection method having means for sealing the evapo 
rative emission control system such that an internal pressure 
thereof is isolated from external in?uences. 

It is yet another object of the present invention to provide 
a leak detection method having a means for monitoring the 
internal pressure of the evaporative emission control system 
after it has been sealed such that a leak may be detected by 
noting if the pressure Within the sealed evaporative emission 
control system goes beloW atmospheric pressure as the 
evaporative emission control system components cool. 
The above and other objects are provided by a method of 

leak detection for an evaporative emission control system 
Which determines if a potential leak is present in a portion 
of the system. The method includes the steps of monitoring 
an engine shut-off event and subsequently sealing the evapo 
rative emission control system atmospheric vent such that 
the evaporative emission control system’s internal pressure 
is isolated from external in?uences, absent a leak. After 
sealing the system, the internal pressure of the system is 
monitored for changes Which should occur upon the cooling 
of the evaporative emission control system components. 
That is, When the components cool, the pressure Within the 
sealed system should go beloW atmospheric pressure. If the 
internal pressure of the evaporative emissions control sys 
tem reduces so as to create a vacuum, the methodology 
determines that no leaks in the system are present. HoWever, 
if the internal pressure Within the evaporative emission 
control system does not reduce so as to create a vacuum 

upon cooling of the components, the methodology deter 
mines that a potential leak exists in the system. 

One advantage of the present invention is that a simple 
and loW cost method is provided for detecting a leak in an 
evaporative emission control system of an automotive 
vehicle. 

As a further feature of the present invention, the vent 
valve is designed so as to alloW fuel vapors to readily ?oW 
from the vapor control system to the canister. This ensures 
that How occurs at loW pressure levels and is especially 
important on vehicles equipped With Onboard Refueling 
Vapor Recovery (ORVR) systems in that excessive pressure 
in the vapor ?oW path could result in dif?culty refueling the 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to appreciate the manner in Which the advantages 
and objects of the invention are obtained, a more particular 
description of the invention Will be rendered by reference to 
speci?c embodiments thereof Which are illustrated in the 
appended draWings. Understanding that these draWings only 
depict preferred embodiments of the present invention and 
are not therefore to be considered limiting in scope, the 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings in Which: 

FIG. 1 is a schematic diagram of an evaporative emission 
control system according to the present invention; and 

FIG. 2 is a cross-sectional vieW of the vent valve of the 
evaporative emission control system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is directed toWards a method of 
leak detection for an evaporative emission control system to 
determine if a leak is present in a portion of the system. The 
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method is based on the principle that upon cooling of 
evaporative emission control system components, the inter 
nal pressure of the sealed evaporative emission control 
system should go negative (less than atmospheric). 
HoWever, if a suf?cient leak is present in a portion of the 
system, the internal pressure Will not go negative. By 
monitoring the sealed system for changes in internal pres 
sure While cooling, a potential leak can be identi?ed. For the 
purposes of this description, it should be appreciated that the 
phrase “no leak” encompasses a spectrum of conditions 
ranging from a completely sealed condition to a slightly 
leaking condition Wherein the vacuum in the evaporative 
control system upon cool doWn is just able to achieve a 
predetermined threshold value. 

Turning noW to the draWing ?gures, FIG. 1 illustrates an 
evaporative emission control system 10 for an automotive 
vehicle (not shoWn) according to the present invention. The 
control system 10 includes a carbon canister 12 connected 
by a conduit 14 to a vent valve 16. A fuel tank 18 is 
connected to the carbon canister 12 by a tank rollover and 
vapor ?oW control valve 20 and a conduit 22. This is a 
representative example of several possible means by Which 
the fuel tank 18 may be connected to the carbon canister 12. 

An intake manifold 24 is connected to the carbon canister 
12 by a conduit 26. The control system 10 also includes a 
purge valve 28 mounted along the conduit 26. The intake 
manifold 24 is connected to the vent valve 16 through 
conduit 30. An optional three-Way solenoid 32 is mounted 
along the conduit 30. Aconduit 34 connected to the solenoid 
32 leads to the atmosphere. LikeWise, a conduit 36 con 
nected to the vent valve 16 leads to the atmosphere. The vent 
control valve 16 seals or closes the conduit 14 betWeen the 
carbon canister 12 and the atmospheric vent 36 in order to 
?x the internal pressure of the evaporative emission control 
system 10. 

The control system 10 also includes an engine control unit 
38 connected to and operative to control the solenoid 32 and 
purge valve 28. The ECU 38 is also connected to and 
operative to monitor a vacuum sWitch 40 connected to the 
fuel tank 18. The optional three-Way solenoid valve 32 
enables more positive determinations of the functioning of 
the sWitch 40 and the purge valve 28. 

In operation, a supply of liquid fuel for poWering an 
engine (not shoWn) of the automotive vehicle is placed in the 
fuel tank 18. As fuel is pumped into the fuel tank 18 or as 
the temperature of the fuel increases, vapors from the fuel 
pass through the conduit 22 and are received in the canister 
12. As described in greater detail beloW, the vent valve 16 is 
designed so as to alloW fuel vapors to readily ?oW from the 
remainder of the control system 10 to the canister 12. This 
ensures that How occurs at loW pressure levels and is 
especially important on vehicles equipped With ORVR sys 
tems in that excessive pressure in the vapor ?oW path could 
result in dif?culty refueling the vehicle. The purge valve 28 
is normally closed. Under certain vehicle operating condi 
tions conducive to purging, the engine control unit 38 
operates the purge valve 28 such that a certain amount of 
engine intake vacuum is delivered to the canister 12 causing 
the collected vapors to How from the canister 12 through the 
conduit 26 and the purge valve 28 to the intake manifold 24 
for combustion in the engine. 

Turning noW to FIG. 2, a cross-sectional vieW of the vent 
valve 16 of FIG. 1 is shoWn. The vent valve 16 includes a 
body 42 interengaging the conduit 30 With the conduit 14 
and the vent line 36. A diaphragm 44 is disposed Within the 
body 42 so as to bifurcate the vent valve 16 into a ?rst half 
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4 
in ?uid communication With the conduit 30 and a second 
half in ?uid communication With the conduit 14 and vent 
line 36. The diaphragm 44 is also disposed so as to sealingly 
engage an end of the vent line 36. A spring 46 may be 
employed Within the body 42 to bias the diaphragm 44 
against the end of the vent line 36. A check valve 48 is 
mounted Within the vent line 36 so that if a large vacuum is 
created Within the control system 10 the check valve 48 Will 
open prior to the vacuum relief valve in the fuel cap 23 (see 
FIG. 1). 
As can be appreciated, the diaphragm 44 normally seals 

off the conduit 14 from the vent line 36 so that the pressure 
Within the control system 10 is isolated from external 
in?uences. HoWever, if desired, negative pressure from the 
engine intake manifold 24 (FIG. 1) may cause a pressure 
differential betWeen the tWo halves of the vent valve 16 
Which overcomes the bias of spring 46 and lifts the dia 
phragm 44 from the end of the vent line 36. Thereafter, the 
conduit 14 and canister 12 are in ?uid communication With 
the atmosphere through vent line 36. 

In an engine off condition, an increase in the vapor control 
system pressure, as a result of system heating, Will be 
transmitted via conduit 14 so as to act upon diaphragm 44 
causing it to overcome the force of spring 46, thereby, 
opening a path to conduit 36 and, thus to atmosphere. 
LikeWise, the rise in system pressure caused by the How of 
fuel into the fuel tank 18 during vehicle refueling Will also 
alloW How to atmosphere in the same manner. As explained 
previously, it should be appreciated that fuel vapors ?oWing 
from the fuel tank 18 during these events Will be captured by 
the canister 12, thus permitting only air to How to the 
atmosphere. 
Although a mechanical valve 16 has been described in the 

above embodiment, it should be appreciated that an electri 
cally operated solenoid valve could substitute therefore. In 
this case, the solenoid valve Would be in operative relation 
With the engine control unit Which Would control the open 
ing and closing thereof. 
Upon operating the automotive vehicle Wherein the con 

trol system 10 is installed, the components of the control 
system 10 Will heat up. When the automotive vehicle is 
parked and the engine is turned off, the control system 10 
cools doWn. Although the range of temperature cool doWn 
varies, a ?ve to ten degree cooling range is typical. Note that 
absent the heating and cool doWn associated With operating 
the vehicle, normal diurnal ambient temperature cycling Will 
provide suf?cient temperature range for the method to 
function should the vehicle remain parked for an extended 
period. Since the vent valve 16 is normally closed, the 
pressure Within the control system 10, absent a leak, is 
sealed from the atmosphere. Upon cooling of the control 
system 10, the internal pressure thereof should go negative 
thereby creating a vacuum. When the vacuum in the control 
system 10 exceeds a predetermined threshold, the vacuum 
sWitch 40 closes. The engine control unit 38 monitors the 
signal from the sWitch 40 and, if the sWitch closes, makes an 
assessment that no leak in the control system 10 is present. 
On the other hand, if a suf?cient leak exists in the control 
system 10, the pressure thereof Will not go negative upon 
cooling. As such, the vacuum sWitch 40 Will remain open 
and the ECU Will make an assessment that a potential leak 
is present. While the preferred embodiment of the invention 
utiliZes a normally open sWitch, a normally closed sWitch, 
Which opens at the predetermined pressure level, could also 
be used. 

It should be appreciated that although a vacuum sWitch 40 
is illustrated in this embodiment, a sensor or transducer 
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constantly monitoring the pressure condition Within the fuel 
tank 18 may substitute therefore. In either case, When the 
pressure Within the fuel tank 18 drops beloW a predeter 
mined threshold, a signal is sent to the engine control unit 38 
indicating that no leak is present. It should also be appre 
ciated that the sWitch or sensor may be positioned at various 
locations Within the evaporative emission control system, as 
appropriate for commercial implementation of the method. 

In accordance With the present invention, the vacuum 
sWitch is used to perform a test of the integrity of the 
evaporate emission control system. To conduct the test, the 
vent valve (and purge valve) are closed at engine key off. 
With the system sealed, a vacuum should be created Within 
the evaporative system components upon cooling. If a 
vacuum is indeed created, the vacuum sWitch closes sending 
a signal to the engine control unit Which assesses the signal 
as an indication that no leak in the system is present. 
HoWever, if the vacuum sWitch remains open, the engine 
control unit assesses the lack of a signal therefrom as an 
indication that a potential leak exists in the system. 

Thus, the present invention provides a method of leak 
detection Which avoids the need for positive pressuriZation 
or negative pressuriZation of the control system by an 
external source. Rather, the present invention takes advan 
tage of the pressure drop inherent in a closed system upon 
that system cooling. More particularly, if the pressure Within 
the fuel tank drops beloW a predetermined threshold, the 
vacuum sWitch closes thereby indicating that no leak is 
present. HoWever, if no vacuum is created, the vacuum 
sWitch remains open thereby indicating that a potential leak 
exists. 

Those skilled in the art can noW appreciate from the 
foregoing description that the broad teachings of the present 
invention can be implemented in a variety of forms. 
Therefore, While this invention has been described in con 
nection With particular examples thereof, the true scope of 
the invention should not be so limited since other modi? 
cations Will become apparent to the skilled practitioner upon 
a study of the draWings, speci?cation, and folloWing claims. 
What is claimed is: 
1. A method of diagnosing an evaporative emission con 

trol system to determine if a leak is present in the system, 
said method comprising the steps of: 

sealing said system from external in?uences; 
monitoring a pressure level Within said system over a 

cooling period; and 
indicating a potential leak condition if said pressure level 

Within said system does not fall beloW a given thresh 
old over said cooling period. 

2. The method of claim 1 Wherein said sealing step further 
comprises closing a vent valve of said system Which com 
municates With an atmospheric ?oW path of said system. 

3. The method of claim 1 Wherein said sealing step further 
comprises closing a vent solenoid of said system Which 
communicates With an atmospheric ?oW path of said system. 

4. The method of claim 1 Wherein said monitoring step 
further comprises noting an open/closed mode of a vacuum 
sWitch of said system. 

5. The method of claim 1 Wherein said monitoring step 
further comprises noting a pressure level signal from a 
sensor of said system. 

6. The method of claim 1 Wherein said monitoring step 
further comprises noting a pressure level signal from a 
transducer of said system. 

7. The method of claim 1 Wherein said sealing step further 
comprises closing a purge valve of said system Which 
communicates With an engine associated With said system. 
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8. An evaporative emission control system leak detection 

assembly comprising: 
an engine; 

a fuel tank associated With said engine; 

a carbon canister connected to said fuel tank; 

a vent valve selectively interconnecting said carbon can 
ister With atmosphere; 

a purge valve selectively interconnecting said carbon 
canister With said engine; 

a pressure sensor operatively coupled to said fuel tank and 
operative for sensing pressure changes Within said fuel 
tank; and 

an engine control unit operatively coupled to said pressure 
sensor for assessing a potential leak condition in said 
evaporative emission control system if said pressure 
sensor does not detect a change in pressure beloW a 
given value Within said fuel tank upon cooling after 
said vent valve isolates said canister from atmosphere 
and said purge valve isolates said canister from said 
engine. 

9. The assembly of claim 8 Wherein said pressure sensor 
further comprises a vacuum sWitch. 

10. The assembly of claim 8 Wherein said pressure sensor 
further comprises a transducer. 

11. The assembly of claim 8 Wherein said vent valve 
further comprises: 

a housing interconnecting a ?rst conduit extending from 
said canister With a vent line of said assembly Which 
communicates With atmosphere; and 

a diaphragm normally closing said vent line from com 
municating With said ?rst conduit. 

12. The assembly of claim 11 Wherein said vent valve 
further comprises a second conduit coupled to said housing 
and communicating With an intake manifold of said engine 
such that a vacuum from said intake manifold lifts said 
diaphragm from said vent line thereby enabling communi 
cation betWeen said vent line and said ?rst conduit. 

13. The assembly of claim 11 further comprising a check 
valve interdisposed betWeen said ?rst conduit and said vent 
line such that a vacuum Within said canister greater than a 
predetermined threshold opens said check valve to establish 
communication betWeen said ?rst conduit and said vent line. 

14. A method of diagnosing an evaporative emission 
control system to determine if a leak is present in said 
system, said method comprising the steps of: 

closing a vent valve of said system such that said system 
is isolated from atmosphere; 

closing a purge valve of said system such that said system 
is isolated from an intake manifold of an engine asso 
ciated With said system; 

monitoring a pressure Within said system; 

closing a sWitch of said system When said pressure Within 
said system drops beloW a given threshold value; 

detecting said closing of said sWitch and assessing said 
closing as an indication that no leak condition exists in 
said system; and 

detecting a nonclosing of said sWitch and assessing said 
nonclosing as an indication that a potential leak con 
dition exists in said system. 


